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The SHELF model
(In Press – JCR)

Numerical model H3D (Stronach et al., 1993) 
used to track the Mississippi/Atchafalaya 
riverine plume



SHELF Model: Rivers simulated

• The simulations include 20 river inputs
• The Mississippi River is divided into 6 passes
• The Atchafalaya is separated in two outlets



SHELF Model: Wind stress representation

• Data from 31 stations is used to create a high-resolution 
wind field to force the model



SHELF Model: H3D’s horizontal grid

• Domain has 37,000+ “wet” cells, 4 x 4 km2

• 47% of these cells have <200 m depth; shallow water processes 
and wind driven-circulation are important



SHELF Model: H3D’s vertical structure

• The model has 29 layers in the vertical: 14 in the top 200 m and 15 
layers from 200 to 3700 m depth

Vertical layers superimposed on typical GOM climatology salinity profile:



SHELF Open Boundary: Forcing at the 26 °N line

Tidal boundary conditions 
from Mukai et al. (2002): 
ADCIRC tidal model for the 
USACE

Temperature and salinity boundary conditions: monthly climatology by 
Boyer et al. (2005)



SHELF Calibration

• Water-level comparison: WAVCIS station near Marsh Island



SHELF Calibration

• Water-level comparison: WAVCIS station in Terrebonne Bay



SHELF Calibration, Vertical mixing

Good agreement with observed Atchafalaya Bay salinity cross-
sections (from Murray, 1998)

Year 2002, 
snapshot every 

4 days



SHELF Calibration, Horizontal mixing

Sea Surface 
Temperature; 
satellite 
images ‘vs’
H3D’s 
results: room 
for 
improvement



SHELF results: Gulf of Mexico surface layer

Suspended fine sediments concentration (year 2002, every 8 days)

• Plume extension given by 50 mg/L isoline

• Maximum extension in mid-June; minimum extension during the Fall



Mississippi River plume: satellite images

Typically, winds

• from the SE “attach” the plume to the Barataria Bay area

• from the NW advect the plume directly into deep GOM waters



SHELF results: Mississippi River plume

• Typically, only ~50% of fine sediments from the Mississippi River 
travel West (see also Etter et al., 2004)

• The Atchafalaya discharges into the wide and shallow (<2 m) 
Atchafalaya Bay, where it is subject to strong tidal and wind mixing



Sediment Plume



Abandon Bird-Foot Delta

Surface suspended fine sediment 
concentration and current velocity under 
the predominant down-coast circulation 
(05/29/02). Scenarios:

a) existing conditions,
b) 100% diverted to the west
c) 50% diverted to each side
d) 70% west and 30% east
e) 100% diverted to the east
f) 100% diverted to the Atchafalaya delta





Abandon Bird-Foot Delta

Two year averages of deposited 
sediment thickness, converted to yearly 
rates. Scenarios:

a) existing conditions,
b) 100% diverted to the west
c) 50% diverted to each side
d) 70% west and 30% east
e) 100% diverted to the east
f) 100% diverted to the Atchafalaya delta





Modeling Approach
1. 1D & 2D used as Analysis/Management 

Tools:
• Route water and sediment

• Estimate long-term impact of “actions”
• Service to 3D Model: Provide boundary 

conditions as needed

2. 3D model to provide detailed impact 
analysis on hydrodynamics and 
morphology



Bathymetry



Bathymetry



Stage and Discharge



Water Level at Bayou Sara
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Water Level at New Orleans
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Flow at Tarbert Landing
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3-D View

2-D View

Tarbert Landing

Bonnet
Carre





Velocity Vectors Animation
March 1, 2003 to May 30, 2003
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Saltwater Barrier Sill
Survey Dates: Oct 99, Feb, Mar, May, and Sept 00



Saltwater Barrier Sill
Multi-beam – October 1999



Erosion on the top of the Sill

1-D Model Results
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Erosion/Deposition at 580 ft downstream  of  the Sill Location

1-D Model Results
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Bed Evolution



Sequential Surveyed Cross-sections of 
the Scouring of the Sill 

(February 2000 - September 2000)
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Surveyed and simulated cross-
sections of the scouring of the 

sill (March 2000)

-24

-22

-20

-18

-16

-14

-12

0 200 400 600 800 1000 1200

Distance from the right bank (m)

C
ro

ss
 s

ec
ti

o
n

 b
ed

 e
le

va
ti

o
n

 (
m

)

Survey_Mar,2000

Simulated_Mar,2000



Surveyed and simulated cross-
sections of the scouring of the 

sill (May 2000)
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Surveyed and simulated cross-
sections of the scouring of the 

sill (September 2000)
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Evolution of the Sill 



Recent Observations

• Will talk about this only if Mead does not 
cover it.



Water Discharge
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Percentage of Suspended 
Sediment Finer than 63 Microns



Suspended Sediment Concentration



Suspended Sediment Load



Relationship: Water Discharge –
Suspended Sediment % Fines



Relationship: Water Discharge –
Suspended Sediment Load
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